The application of permanent magnet free motors have gained a huge attention for pure electric and hybrid electric vehicles. This paper proposed the design of 20-kW switched reluctance motor having 18 stator poles and 12 rotor poles by using finite element analysis machine design software Infolytica magnet and the main focus is to achieve the high speed, torque with adequate performance for electric vehicles. The asymmetric bridge converter has been used and the series of varying the excitation voltage, slot fill factor with respect to the number of turns and stranded area of the conductor has been analysed. Additionally, in order to the electromagnetic force vector, the switching sequence is examined. The simulation results show the great potential of the suggested motor and can provide a good starting torque with high speed and can be suitable to achieve the freedom Car 2020 electric vehicle target.
Introduction
Currently, the global research for decreasing the usage of fossil fuel has been increased therefore electric vehicles (EVs) have achieved the huge interest in the automotive industry. The world-wide organisation of motor vehicle makers expressed that, in 2011, 80 million vehicles were manufactured all over the world which has been further massively increased in 2015 as depicted in figure 1 , [1] . Would these completely converted into electrified at that time undoubtedly this classification of electrical machine production will take on huge importance.
Fig. 1. Top 20 motor vehicle producing countries 2015
[1] [2] The mass adoption of electric vehicle will be beneficial and will have number of impacts including the ability to assist in the integration of renewable energy into existing electrical grids [3] . There are many reasons why people should move to electric vehicles (EVs) to get them to the places they need to be. This includes the following points as under.
Fig. 2. 2017 Audi A3 Sportback e-tron revealed
1. The dependence of oil will be reduced in transportation. 2. EVs are great to drive because they are fast and smooth. 3. Many studies show that the emissions from burning fossil fuels such as gasoline produce harmful greenhouse gases. EV's produce no smelly fumes or harmful greenhouse gases. 4. EVs are innovative and cool. 5. The EVs only cost approximately $360 in a year to operate as compare to $3600 for an internal combustion engine (ICE) vehicles [4] . 6. It is the long term solution for the future technology in vehicle industry. 7. EVs are a smart and convenient choice. Further the number of positive features can be anticipated from EVs, including overall cost and the ability to contribute and support to the power quality of the grid if the proper planning in infrastructure is adopted, the 2017 Audi A3 sportback e-tron model is shown in figure 2 . The literature reveals that the switched reluctance motor (SRM) drive offers outstanding mechanical reliability and integrity, which is extremely required for EVs propulsion system [5, 6] . Different SR motors have been compared in [7] with the observation of increased number of turns and stator taper angle. In order to achieve the good torque density, speed and efficiency 18/12 SRM has been designed in [5, 8] with different material point of view and stator and rotor structure. A 30kW cooling design with thermal performance of Switched reluctance motor has been analysed in [9] . In [10, 11] , a profile of novel current has been proposed to analyse the radial forces for decreasing the acoustic noise and vibration. An In-wheel 18/12 switched reluctance motor has been designed in [12] with attention to electrical and dimensional parameters. The author observed that there is a potential gap in the paper to consider the effect of slot fill factor with the change of number of turns and stranded area of the conductor while changing the excitation voltage and switching sequence of the SRM. This paper has been organized as follows. Section 1, discussed the detail introduction and background of the research with respect to energy scenario issues and the current data of electrical vehicles. The type of motor drive technologies used in electric vehicle including its essential qualifications and associated main problems, challenges and importance of electric vehicles have been reviewed in Section 2. The modelling of switched reluctance motor and their related advantages and the diverse analysis has been done on 18/12 SRM by varying the slot fill factor, switching sequence and excitation voltage to achieve the freedom car 2020 target while using the simulation software Infolytica Magnet in Section 3. The simulation results have been described in section 4. And the brief application and research methodologies with future prospective trends are presented in conclusion section 5.
Motor drives for EV
In the machine design the main challenge and limiting factor is thermal constrain due to winding on stator and rotor [13] . There is a great interest in machines with reduce mass of magnet or having no magnet, in general for current technologies the switched reluctance machines have pushed the boundaries for traction motor drives applications due to simple and robust construction, absence of demagnetization, no copper winding on the rotor with the main focus on cost, robustness and high temperature environment applications [14] . The main advantage of SRM is a very extensive field weakening area, up to 10 time has been appealed. The goal has been set to achieve the target sets by the US department of energy for freedom car 2020 [16] . In order to propel the driving wheels the major part of the electrical vehicle is electrical motor so that's why the research and discussion about rotating electrical machines has been increased. The exchange to greener technologies and skills has directed to promote and growth in demand for innovative, new efficient classes of electrical machines. Organisations such as the United States Department of Energy [17] and European Union [18] have announced rules which necessitates the enhancements in the efficient productivity of industrial electrical machines. Similarly the progress in energy generation from renewable technologies has driven the enlargement of new types of electrical machines, for example to generate the energy from wind and wave. On the other hand, plea for electrical machines in the subsequent span is possibly to be motivated through the progression in demand for electrical motors for automotive applications. The chart of availability of electric car by different countries up to 2016, is shown in figure, 3 . It is expected in [19] that by 2020 there will be yearly production of 9 million electric and hybrid electric vehicles, collectively demanding to a great extent of high torque dense electrical machines. The increasing requirement for unpolluted and plentiful source of energy has directed to a growing curiosity in transportation electrification. Even though the major part of the expansions has been on areas for example power electronics, controlling, switching and energy storage systems, there is a rising demand for novel and innovative traction motors so as to run into the required performance keys of an electrically powered powertrain at an estimated and lower cost. The investigation in advanced traction motors essentially emphasis on necessities such as greater efficiency, higher power density, superior specific torque, lesser noise and cost. Additionally, there are numerous further applications associated constraints. The essential qualifications for the best traction electric machine (EM) can be shortened as under [20] :
1. high efficiency in excess of a wide range of speed particularly for regenerative braking; 2. high power and torque density; 3. high torque at lower speeds for starting, hill climbing and acceleration; 4. high power for cruising at high speeds; 5. extensive constant power speed range (CPSR); 6. fast active response; 7. operation in challenging environments as frequent start/stop; 8. operation in harsh conditions for example dust, cold, water, and hot temperatures; 9. Proficient in intermittent overload capability (two times the rated power); 10. low-maintenance and service requirement; 11. must be rugged and robust; 12. fault tolerance capability and safety; 13. comfort (proper sound quality); 14. Low cost. There are mainly two configurations to drive the EV wheel. (1) Single motor to propel the driving wheels (2) multi motors independent drive to propel individual wheel. After the invention of power electronics technology, the interior permanent magnet motors are being widely used in hybrid and electric vehicles and it provides peak power capability with good starting torque, but still a problem for mass production due to the 
Fig. 5, Asymmetric bridge converter topology for driving 18/12 SR motor
price of the rare earth magnets and the flux weakening capability to apply negative current which originates huge copper and iron losses and in reality contribute to increase the flux harmonics in the machine [21] . The induction motor also has extraordinary flux saturation and high operational frequency therefore the secondary winding losses are considerably greater than typical values and huge eddy current losses are generated, hence the conventional induction motor is not good enough to be used for EV application as stated in literature [22] [23] [24] [25] .
In order to meet the demand, now a days there is more attention in the low cost switched reluctance motor drive system because of several advantage such as robust construction, normally cheap, design simplicity, no winding on rotor and absence of demagnetization which is the most suitable for electric and hybrid electric vehicle [14, 22, [26] [27] [28] [29] [30] .
Modelling and Design of Switched Reluctance machine
The equivalent circuit of the one phase of the SRM is shown in Figure, 5 whereas dc voltage source are provided to excite the winding and the components L and R shows the winding inductance and resistance of the SRM and Eb is the corresponding back EMF.
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(tesla) magnetic flux density (b) speed vs time graph and (c) shows the average and starting torque produced by the 18/12 SRM
The 18/12 SRM used in this paper is shown in figure, 4(a) with the initial model has rather coarse general mesh with global element sizing setting of 2mm, as 2D mesh view is shown in figure 4(b) . From the figure, 5 (SRM equivalent circuit) the equation can be developed as follows.
The relationship between the source voltage, flux linkage (Ψ) and the rotor position angle ( θ ) is: 
The instantaneous electromagnetic torque produces by (Ta) of the switched reluctance machine by one phase:
and
whereas T represents the electromagnetic torque of the motor and is the torque produced by the load, and = is the speed of the motor. The above equations are used to model the SRM. 
Results and discussion
The 18/12 switched reluctance motor has been simulated with the specifications shown in table, I. Initially the same design of SR motor, single switch with single diode per phase converter topology was applied but the results were not satisfactory and motor was producing oscillating effect in between (0 to 500 RPM) which is not desirable for the electric vehicle application. Then further the author of this paper tried another configuration and asymmetric bridge converter topology has been used to drive the proposed motor, it has two switches per phase with two diodes which is the main advantages due independent and flexible controlling and favourable for high speed machine operation thus overlap between adjacent current is possible however compromise is made between costs due to extra switches and diode per phase. In order to control the current magnitude the current source of piecewise liner (PWL) as an input source for excitation winding has been provided which is shown in figure 5 . 2 which is intended to represent 40, 50 and 60% slot filling factor (packing) in the slot area as depicted in table II, III and IV respectively and the nonlinear lamination material Newcore 1000/65 selected for the core the graph of magnetic permeability of Newcore (1000/65) and the losses are shown in figure, 7 (a and b) . The load-driven transient simulation carried out at 500 milliseconds, it can be noted that the machine has good starting torque up to 300 N-m but rapidly falls off. The reason is the inductive leg effect when switches are turned ON and OFF, and the motor provide the effective torque of 35.5 N-m respectively. The graph of core and ohmic losses produced by the proposed machine at 40 to 60% filling factor are shown in figure, 8 (a to c) . The shaft losses are very negligible, so that's why author has ignored in this work with the graph of losses of 12/8 SRM. It can be seen that the core losses at 40% filling factor are less as compare other filling factors whereas copper losses are much higher up to 186 watts with the simulation time 500 ms of the proposed machine. In comparison with the 50% filling factor, the iron and copper losses are less as compare to 60%, which is good for the insulation and efficiency enhancement in the machine in addition to easiness in the manufacturing and prototype development.
Conclusion
The 18/12 SR motor has been designed which include finite element analysis. An asymmetrical bridge converter used for the driving circuit and providing switching circuit. Different slot filling factor of the proposed machine have been analysed by varying the number of turns and conductor area and comparative results have been shown in table II, III and IV in addition to the graph of core and conductor losses. It has been analysed that 50% slot filling factor having 50 number of turns with 8.72 stranded conductor area has the best results in terms of speed, torque performance. The data will be beneficial while designing for enhancement in the performance of SR motor to achieve the required parameters of freedom car 2020 and can be used effectively for the application of various designs of electric machines.
